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SULFUR RESISTANT EMISSIONS CATALYST
Field of invention
This invention generally relates to emission control catalysts and in particular to vehicle
exhaust catalysts. The most commonly used emission catalyst is the "three-way catalyst"
(TWC), so called because of simultaneous treatment of three harmful emissions, namely
the oxidation of CO, the reduction of NOx to N2 and the oxidation of unburnt
hydrocarbons. In preferred embodiments, this invention relates to TWCs for both diesel
and gasoline engines, having improved resistance to sulfur poisoning.
Background to the invention
Progressively stricter emission standards have resulted in the development of improved
three-way catalysts by utilizing improved formulations and layered structures.
Improvements in thermal stability and durability have also led to catalysts that can
survive accelerated aging tests at temperatures of up to 1100 C.
One approach to improving catalyst performance has been to increase the quantity of
platinum group metal (PGM) in the catalyst formulations. However, this in turn means an
unacceptable increase in costs. Several methods have been used to overcome this
problem. A Pd-only TWC catalyst has been developed (1) which uses palladium rather
than platinum, to reduce costs. A further improvement to this concept reduces the amount
of Pd by incorporating the Pd into a perovskite oxide (2). Palladium has a stronger
tendency than Pt to undergo grain growth and hence becomes less active during high
temperature operation. Incorporating the Pd into the perovskite structure during the
oxidizing cycle of engine operation and in turn reducing the Pd to metal on the surface of
the catalyst during the reducing cycle avoids excessive grain growth of the Pd. An
additional advantage of using perovskite oxides is their high oxygen storage capacity
(OSC), an essential property for good TWC performance. The OSC of certain perovskite
has been shown to be even higher than Ceθ 2, the material most commonly used in TWC
as the OSC component.
Perovskite oxides have been investigated for catalytic oxidation and reduction reactions
associated with the control of automotive exhaust emissions since the early 1970's [6-15].
Perovskite catalysts incorporating different amounts of PGM have been disclosed in US
patent 3,865,923 by Stephens, US patents 3,884,837 and 4,001,371 by Remeika et al., US
patents 3,897,367; 4,049,583 and 4,126,580 by Lauder, US patent 4,107,163 by Donohue,
US patent 4,127,510 by Harrison, US patent 4,151,123 by McCann, III, US patent
4,921,829 by Ozawa et al., US patent 5,318,937 by Jovanovic et al., US patent 5,380,692
by Nakatsuji et al. and US patents 5,939,354; 5,977,017; 6,352,955; 6,372,686 and
6,351,425 B2 by Golden.
Recent studies have shown that catalysts designed to meet low emission vehicle (LEV)
and ultra low emission vehicle (ULEV)-type standards and contain reduced levels of
PGM are significantly inhibited by sulfur in the fuel (3). A variety of factors influence the
loss of catalytic performance due to sulfur. These factors include the level of sulfur in the
fuel, the catalyst design, catalyst location and catalyst composition. The individual
components of a TWC catalyst are the catalytic PGM, the OSC component and the
support. All three of these components can be affected by sulfur.
Li particular, efforts are being made to minimize the effects of sulfur on the PGM and the
OSC components of the TWC materials. Palladium although lower cost, is more
susceptible to sulfur poisoning than Pt and Rh. Research has shown (4) that metal-metal
bonds can significantly reduce the affinity of these metals for SO2. For example Pd/Rh is
more tolerant to the presence of sulfur-containing molecules in the fuel than pure Pd
catalysts.
SO2 interacts with TWCs that have a ceria-containing component and it is the poisoning
of the ceria that appears to be the primary problem associated with sulfur inhibition of
these catalysts (5). To improve the sulfur tolerance and increase thermal stability, ceria is
commonly mixed in solid solution with zirconia. A combination of ceria-zirconia can also
enhance OSC at high operating temperatures.
While perovskite oxides can beneficially incorporate PGMs into their structure many
perovskite compositions are susceptible to sulfur poisoning. Perovskite compositions
typically incoφ orate transition metals such as copper, cobalt and manganese into the B
site of the ABO3 perovskite formula. Many of these transition metals form stable sulfates
with SO2.
US Patent 6569803 by Takeuchi claim a catalyst for purifying exhaust gas comprising a
perovskite of the general formula AB03 where the major proportion of the B site ion
always includes an element from group consisting Mn, Co and Fe. However, no
evaluation was made of resistance of these catalysts to SO2.
In a comprehensive review of perovskites in catalysis L.GTejuca, J.L.J. Fierro and J.M.D.
Tascon (16) report on extensive catalysis tests of perovskites using Mn, Co and Fe on the
B site of the perovskite and concluded, "These results show that poisoning effects of SO2
on these perovskites takes place through adsorption of this molecule on the B sites
SO2 may also interact with cations in position A, but this process does not result in
deactivation of the catalyst". They go on to conclude that, "Although some progress has
been attained in the preparation of highly active perovskites for CO and hydrocarbon
oxidation and NO reduction by incorporation of noble metals (Pt and Ru) into the
structure, the problem of SO2 poisoning remains basically unsolved.
Further complications when incorporating perovskite oxides in TWC formulations
included, maintaining phase purity of complex perovskite, achieving thermal stability and
producing materials with the high surface areas necessary for good TWC performance at
high operating temperatures.
It is an object of the present invention to provide a catalyst containing a perovskite
component. The catalyst may be of high surface area, thermally stable, have reduced
PGM component and show improved resistance to sulfur inhibition.
Brief Description of the Invention
hi a first aspect, the present invention provides a catalyst comprising one or more
complex oxides having a nominal composition as set out in formula (1):
AxB1-y-zMyPzOn (1)
wherein
A is selected from one or more group III elements including the lanthanide elements or
one or more divalent or monovalent cations;
B is selected from one or more elements with atomic number 22 to 24, 40 to 42 and 72 to
75;
M is selected from one or more elements with atomic number 25 to 30;
P is selected from one or more elements with atomic number 44 to 50 and 76 to 83;
x is defined as a number where 0<x - ;
y is defined as a number where 0 <0.5; and
z is defined as a number where 0<z<0.2.
In one embodiment, the one or more complex oxides have a general composition as set
out in formula (2):
AxA'wB1-y-zMyPzOn (2)
wherein
A is one or more group III elements including the lanthanide elements;
A' is one or more divalent or monovalent cations;
w is defined as a number where 0 ≤ ;
0.5< x+w l and
B, M, P, x, y and z are as set out in formula (1).
In a preferred embodiment A is selected from La, Ce, Sm and Nd, A1is selected from Sr,
Ba, and Ca, B is selected from Ti, V, W and Mo, M is selected from Cu and Ni, and P is
selected from Pt, Pd Rh and Ru.
In a more preferred embodiment A is La and/or Ce, A' is Sr, B is Ti, M is Cu and/or Ni, P
is selected from Pt and Rh or at least two of Pt, Pd, Rh and Ru. In this embodiment, the
complex oxide has the general formula as set out in formula (3):
(La,Ce)
x
Sr
w
Ti1-y-zMyP20 n (3)
wherein P is selected from Pt, Rh or at least two of Pt, Pd, Rh and Ru.
In a further preferred embodiment at least one of the complex oxide phases is a perovskite
with a general formula (4):
A
x
A'
w
B l -y-
z
My Pz θ 3 4
and more preferably of formula (5):
(La,Ce)
x
Sr
w
Tii-y-
z
My(Pt,Rh , Pd/Rh)
z
θ 3 (5)
where the terms in (4) and (5) are as defined in (1) and (2) above.
The perovskite component of the formula may suitably exhibit substantially homogenous
and phase-pure composition.
The complex oxide material may have an initial surface area greater than approximately
15m2/g, preferably greater than approximately 2OmVg, more preferably greater than
approximately 3OmVg, and a surface area after aging for 2 hours at IOOOC in air greater
than approximately 5mVg, preferably greater than approximately 1OmVg, more preferably
greater than approximately 15mVg.
The complex oxide material may generally exhibit an average grain size of approximately
2 nm to approximately 150 ran, preferably approximately 2 to 100 nm and has pores
ranging in size from approximately 7 nm to approximately 250 nm, more preferably
approximately 10 nm to approximately 150 nm. However, the average grain and pore
size of the complex oxide materials may vary, depending on the specific complex oxide
selected.
More preferably, the complex oxide material may exhibit a substantially disperse pore
size range.
The complex oxide material of the invention may be formed by mixing precursors of the
elements described above in the general formula (1) followed by appropriate heat
treatment to form the target phases. The precursors may be of any suitable form such as
salts, oxides or metals of the elements used. The precursor mixture may be in the form of
a mixture of solids, a solution or a combination of solids and solutions. The solutions may
be formed by dissolving salts in a solvent such as water, acid, alkali or alcohols. The salts
may be but are not limited to nitrates, carbonates, oxides, acetates, oxalates, and
chlorides. Organometallic form of elements such as alkoxides may also be used.
Solid dispersions may also be used as suitable precursor materials.
Various methods of mixing precursors to produce the complex oxide may include but are
not limited to techniques such as, mixing and grinding, co-precipitation, thermal
evaporative and spray pyrolysis, polymer and surfactant complex mixing and sol gel.
Where necessary, the final phase composition is achieved by thermal processing
following mixing. The heating step may be carried out using any suitable heating
apparatus and may include but are not limited to, hot plates or other heated substrates
such as used in spray pyrolysis, ovens stationary table furnaces, rotary furnaces, induction
furnaces, fluid bed furnace, bath furnace, flash furnace, vacuum furnace, rotary dryers,
spray dryers, spin-flash dryers.
In a preferred embodiment a homogeneous complex oxide is formed by the method
outlined in US Patent 6,752,679 "Production of Fine-Grained Particles", the entire
contents of which are herein incorporated by cross reference.
hi a further preferred embodiment a homogeneous complex oxide is formed, has nano-
sized grains in the size range indicated and nano-scale pores in the size range indicated by
using the method outlined in US Patent 6,752,679 and US Patent application 60/538867,
the entire contents of which are herein incorporated by cross reference.
In a more preferred embodiment a homogeneous complex oxide is formed, has nano-sized
grains in the size range indicated and nano-scale pores in the size range indicated and uses
an aqueous colloidal dispersion of nano-scale particles as one of the precursor elements
by using the method outlined in US Patent 6,752,679 and US Patent application
60/538867 and US patent application 60/582905, the entire contents of which are herein
incorporated by cross reference.
In a second aspect, the present invention provides a three way catalyst incorporating the
catalyst as described with reference to the first aspect of the present invention.
In a third aspect, the present invention provides a method for treating an exhaust gas by
causing the exhaust gas to come into contact with a catalyst in accordance with the first
aspect of the present invention. Suitably, the catalyst caused oxidation of CO and
hydrocarbons in the exhaust gas and reduction of nitrogen oxides to N2 in the exhaust gas.
The present invention also provides an automotive catalytic converter including a catalyst
in accordance with the first aspect of the present invention.
Brief Description of the drawings
Figure 1 shows a graph of NOx conversion vs temperature, as obtained from Example 5;
Figure 2 shows a graph of NOx conversion vs temperature, as obtained from Example 6;
Figure 3 shows a graph of NOx conversion vs temperature, as obtained from Example 7;
Figure 4 shows a graph of NOx conversion vs temperature, as obtained from Example 8;
Figure 5 shows a graph of CO conversion vs temperature, as obtained from Example 9;
Figure 6 shows a graph of CO conversion vs temperature, as obtained from Example 10;
Figure 7 shows a graph of CO conversion vs temperature, as obtained from Example 11;
Figure 8 shows a graph of CO conversion vs temperature, as obtained from Example 12;
Figure 9 shows a graph of hydrocarbon (HC) conversion vs temperature, as obtained from
Example 13;
Figure 10 shows a graph of hydrocarbon (HC) conversion vs temperature, as obtained
from Example 14;
Figure 11 shows a graph of hydrocarbon (HC) conversion vs temperature, as obtained
from Example 15; and
Figure 12 shows a graph of hydrocarbon (HC) conversion vs temperature, as obtained
from Example 16.
EXAMPLES
Catalyst Preparation
Example 1
A complex metal oxide of the nominal formula La0.8Sr0.2Ti0.9762Pd0.0117^0.0121On US
10% Ceθ 2was produced as follows.
A solution containing all the required elements except Ti was made by mixing 45mls of
water, 1Og of nitric acid, 46g of lanthanum nitrate hexahydrate, 5.62 g of strontium
nitrate, 1.65g of pd nitrate 10% solution and 0.53g of rhodium nitrate.
Titanium-based nano-particles were added to the solution and stirred at a temperature of
50°C until the particles were dispersed and a clear solution was formed.
The solution was then added to 16g of carbon black and mixed with a high-speed stirrer.
The resulting mixture was added to 7Og of anionic surfactant and again mixed with a
high-speed stirrer.
The final mixture was heat treated slowly to 650°C and then treated at 800°C for 2hrs and
a further 2hrs at 1000 C. XRD analysis showed that the perovskite phase LaSr0.5Ti2O6 and
(Ce La)2Ti O7 were the main types of phases present in Example 1.
Example 2
A complex metal oxide of nominal formula Lao,5Sro.25Ti().942^0. 0 18^0.04-On was
produced using a similar method to Example 1. XRD analysis showed that the perovskite
phase LaSr0.5Ti2O6 and (Ce La)2Ti2O7 were the main types of phases present.
Example 3
A complex metal oxide of nominal formula Lao.8Sro.2Tio.936Pdo.024Nio.O4On P u s
10% CeO2 was produced using a similar method to Example 1. XRD analysis showed
that the perovskite phase LaSro.5Ti20 6 and (Ce5La)2Ti2O7 were the main types of phases
present.
Example 4
A complex metal oxide of nominal formula Lao.gSrg 2Tio.9Pdo o3Nio.o4Cuo o3θ
n
plus
10% CeO2 was produced using a similar method to Example 1. XRD analysis showed
that the perovskite phase LaSr0.5Ti2O6 and (Ce5La)2Ti2O7 were the main types of phases
present.
Catalyst Characterization and Testing
Sample phase identification and morphology were characterized using Xray diffraction
(XRD), transmission electron microscopy (TEM) and scanning electron microscopy.
Surface area and pore size distribution data were obtained using a Micromeritics Tristar
surface area analyser.
The following data were collected for the sample composition given in Example 1. The
surface areas as measured for a range of temperatures are as follows:
Surface area (BET) Temperature Time
33.06 m7g 650 C 0.5 hr
23.86 m2/g 800 C 2 hr
15.18 m2/g 1000 C 2 hr
TESTS OF THREEWAY CATALYTICACTIVITY
Sample preparation
Raw catalyst powder is pelletized with a hydraulic press at 2000 psi. The pellets are
broken up and sieved. The size fraction in the range 0.5- lmm (nominal) is retained as the
sample. Catalyst samples with weight of 0.25g ± 0.02g are inserted into 1/4 inch stainless
steel reactor tubes to achieve a bed height of 20mm and are held in place with quartz
wool. A thermocouple tip penetrates the bed to monitor temperature.
Ageing of samples
Prior to testing samples are aged for 6 hrs @1000 C in the feed gas mixtures given below
oscillating from reducing to oxidizing composition with a frequency of 0.33Hz.
Feed Gas Composition and Distribution
Based on the bed volume indicated the gases are supplied at a gas hourly space velocity
(GHSV) of 63000 h 1 . A gas composition containing 2ppm SO2 was used to simulate
sulfur levels of approx. 30ppm in gasoline. These levels of sulfur are also representative
of levels in diesel fuels under the proposed low sulfur limits for 2007 (17).
Gas ratios were adjusted to achieve two specific values for R+ for these tests;
i?=0.86, oxidizing conditions.
R=I .17,reducing conditions.
The gas compositions are as follows:
R=0.86 Oxidising R=1.17 reducing
Species PPM Species PPM
NO 1500 NO 1500
CO 13500 CO 13500
CO2 210000 CO2 210000
HC 750 HC 750
H2O 125000 H2O 125000
O2 8407 O2 5981
SO2 2 SO2 2
N2 balance N2 balance
Where R is the redox potential of the feed composition gas. R is approximated as {3CHC+CC0 }/{CNo+2C02} wherein C
represents the concentration of the gases.
Given the desired composition of the feed gas, the gas hourly space velocity (GHSV) and
cylinder gas compositions, the required flow rate of each species is calculated. With the
exception of water vapor, mass flow controllers (MFCs) (MKS Instruments, Inc) are used
to obtain the desired flow rates for each species.
Liquid water is accurately pumped (Gilson Model 307) into a heated zone, where it is
vaporized and entrained in a MFC controlled nitrogen stream. After exiting their
respective MFCs, the gases are mixed in a manifold and distributed to three reactors. The
flow rate through each reactor is adjusted using a needle valve on the outlet of each
reactor to ensure equal flow through all reactors
Exhaust Gas Analysis
After the desired reactor conditions are stabilized, exhaust gases from the reactor are
analyzed. The gas stream is conditioned using a Perma Pure dryer. A multiport valve
directs the exhaust gas from each reactor to instruments to measure NO, N2O, CO, CO2,
O and HC using a Shimadzu 17A Gas Chromatograph. Concentrations of NO and CO
were simultaneously monitored using a chemiluminescence NO detector and infrared CO
detector. A blank reactor is run in parallel as reference. Samples are pretreated for 1 hr at
650°C at .R=I. 17 before commencing experiments.
Catalyst Performance
NOx conversion
Example 5
A sample with the composition of Example 1 was tested for its three way catalytic
activity under conditions that closely simulate exhaust gas compositions during the
reducing cycle of engine activity. Figure 1 shows NOx conversion for 0.25g of catalyst of
the above composition tested in a gas hourly space velocity (GHSV) flow rate of
300,00Oh 1. The gas composition was NO 1500ppm, CO 135OOppm, CO2 210000ppm,
HC 750ppm, H2O 125000ppm, O2 5981ppm N2 Balance of gas. No SO2 was used in this
test. The data show that the catalyst becomes active at temperatures as low as 200 C. By
250°C the catalyst has achieved virtually total conversion of 98-100%. Full conversion
was maintained to a maximum test temperature of 650°C.
Example 6
The sample of Example 5 was again tested for NOx conversion but under simulated
oxidizing exhaust conditions. Figure 2 shows NOx conversion for 0.25g of catalyst of the
above composition tested in a gas hourly space velocity (GHSV) flow rate OfSOO5OOOh 1.
The gas composition was N O 1500ppm, CO 13500ppm, CO2 210000ppm, HC 750ppm,
H2O 125000ppm, O2 8407ppm N 2 Balance of gas. No SO2 was used in this test. The data
show that the catalyst becomes active at temperatures between 250°C-300°C. B y 300 C
the catalyst has achieved full NOx conversion, which is maintained to a maximum test
temperature of 650 C.
Example 7
The sample of Example 5 was again tested for NOx conversion but under simulated
reducing exhaust conditions containing SO2. Figure 3 shows NOx conversion for 0.25g of
catalyst of the above composition tested in a gas hourly space velocity (GHSV) flow rate
OfSOO5OOOh 1 . The gas composition was N O 1500ppm, CO 13500ppm, CO2 210000ppm,
HC 750ppm, H2O 125000p ρm , O2 5981ppm, SO2 2ppm, N2 Balance of gas. The data
show that the catalyst becomes active at temperatures between 200°C-250°C. B y 25O C
the catalyst has achieved 86% NOx conversion. Full conversion (98%- 100%) is achieved
by 300°C and maintained to a maximum test temperature of 650°C.
Example 8
The sample of Example 5 was again tested for NOx conversion but under simulated
oxidizing exhaust conditions containing SO2 . Figure 4 shows NOx conversion for 0.25g
of catalyst of the above composition tested in a gas hourly space velocity (GHSV) flow
rate of 30O5OOOh 1 . The gas composition was N O 1500ppm 5 CO 13500p ρm , CO2
210000ppm, HC 750p ρm , H2O 125000ppm, O2 8407p ρm , SO2 2ppm, N2 Balance of gas.
The data show that the catalyst becomes active at very low temperatures of between
150°C and 200°. By 25O C the catalyst has achieved full NOx conversion. Full conversion
(98%-100%) is maintained to 55O°C. Between 550°C and 650C a slight drop in
conversion to 95% was observed.
These four results show the excellent performance of this catalyst with almost no
inhibition of the performance by SO2 in the gas stream.
CO Oxidation
Example 9
The composition of Example 1 was tested for its three way catalytic activity under
conditions that closely simulate exhaust gas compositions during the reducing cycle of
engine activity. Figure 5 shows CO conversion for 0.25g of catalyst of the above
composition tested in a gas hourly space velocity (GHSV) flow rate of 300,00Oh 1 . The
gas composition was NO 1500ppm, CO 13500ppm, CO2 210000ppm, HC 750ppm, H2O
125000ppm, O2 598 lppm N2 Balance of gas. No SO2 was used in this test. The data show
that the catalyst becomes active between 15O C and 200°. By 250°C a maximum
conversion of 85% is obtained. CO oxidation drops to 66% as temperature is increased to
450 C. Conversion again increases to 74% at 550°C but drops to 62% at 65O C.
Example 10
The sample of Example 9 was again tested for CO conversion but under simulated
oxidizing exhaust conditions. Figure 6 shows CO conversion for 0.25g of catalyst of the
above composition tested in a gas hourly space velocity (GHSV) flow rate of 300,00Oh 1 .
The gas composition was NO 1500ppm, CO 13500ppm, CO2 210000ppm, HC 750ppm,
H2O 125000ppm, O2 8407ppm N2 Balance of gas. No SO2 was used in this test. The data
show that the catalyst becomes active at temperatures between 250°C-300°C. By 300°C
the catalyst has 100% CO oxidation, which is maintained to a maximum test temperature
of 650 C.
Example 11
The sample of Example 9 was again tested for CO oxidation but under simulated reducing
exhaust conditions containing SO . Figure 7 shows CO oxidation for 0.25g of catalyst of
the above composition tested in a gas hourly space velocity (GHSV) flow rate of
300,00Oh 1. The gas composition was NO 1500ppm, CO 13500ppm, CO2 210000ppm,
HC 750ppm, H2O 125000pρm, O2 598 lppm, SO2 2ppm, N2 Balance of gas. The data
show that the catalyst becomes active at an extremely low temperature with up to 34%
conversion at temperatures between 150°C-200°C. By 250°C the catalyst has achieved
82% CO oxidation. CO oxidation drops to 62% as temperature is increased to 35O C.
Conversion progressively increases from 350°C to a value of 71% at 650°C.
Example 12
The sample of Example 9 was again tested for CO oxidation but under simulated
oxidizing exhaust conditions containing SO2. Figure 8 shows CO oxidation for 0.25g of
catalyst of the above composition tested in a gas hourly space velocity (GHSV) flow rate
OfSOO OOOh' 1. The gas composition was NO 1500p ρm, CO 13500p ρm, CO2 210000ppm,
H C 750ppm, H2O 125000ppm, O2 8407ppm, SO2 2ppm, N2 Balance of gas. The data
show that the catalyst becomes active at very low temperatures of between 15O C and
200°. By 200 C the catalyst has achieved 47% CO oxidation. A maximum of 97% CO
oxidation is achieved by 300°C. Between 300°C and 650C a gradual drop in conversion to
86% was observed.
These data confirm that this catalyst performs well for CO oxidation in an exhaust gas
stream containing SO2.
HC Oxidation
Example 13
The composition of Example 1 was tested for its three way catalytic activity under
conditions that closely simulate exhaust gas compositions during the reducing cycle of
engine activity. Figure 9 shows H C oxidation for 0.25g of catalyst of the above
composition tested in a gas hourly space velocity (GHSV) flow rate of 300,00Oh 1 . The
gas composition was N O 1500ppm, CO 13500ppm, CO2 210000ppm, HC 750ppm, H2O
125000ppm, O2 5981ppm N2 Balance of gas. N o SO2 was used in this test. The data show
that the catalyst becomes active between 200°C and 250°. By 250°C HC oxidation of 45%
is obtained. By 300°C 100% oxidation is achieved and is maintained up to the maximum
test temperature of 65O C.
Example 14
The sample of Example 13 was again tested for HC oxidation but under simulated
oxidizing exhaust conditions. Figure 10 shows H C oxidation for 0.25g of catalyst of the
above composition tested in a gas hourly space velocity (GHSV) flow rate OfSOO OOOh 1 .
The gas composition was N O 1500ppm, CO 135OOppm, CO2 210000ppm, H C 750ppm,
H2O 125000ppm, O2 8407ppm N 2 Balance of gas. N o SO2 was used in this test. The data
show that the catalyst becomes active at temperatures between 250°C-300°C. By 300°C
the catalyst has 100% CO oxidation, which is maintained to a maximum test temperature
of 650 C.
Example 15
The sample of Example 13 was again tested for H C oxidation but under simulated
reducing exhaust conditions containing SO2. Figure 11 shows H C oxidation for 0.25g of
catalyst of the above composition tested in a gas hourly space velocity (GHSV) flow rate
OfSOO OOOh 1. The gas composition was N O 1500ppm, CO 13500ppm, CO2 210000ppm,
HC 750ppm, H 2O 125000ppm, O2 5981ppm, SO2 2ρpm, N 2 Balance of gas. The data
show that the catalyst becomes active between 200°C-250°C. By 250°C the catalyst has
achieved 95% oxidation of HC. This value increases to between 98%- 100% and is
maintained over the temperature range tested.
Example 16
The sample o f Example 13 was again tested for HC oxidation but under simulated
oxidizing exhaust conditions containing SO2. Figure 12 shows CO oxidation for 0.25g of
catalyst of the above composition tested in a gas hourly space velocity (GHSV) flow rate
OfSOO OOOh' 1. The gas composition was N O 1500ppm, CO 13500p ρm , CO2 210000ppm,
HC 750ppm, H 2O 125000ppm, O2 8407ppm, SO2 2ppm, N2 Balance of gas. The data
show that the catalyst exhibits 100% H C oxidation by 250 C and this value is maintained
over the tested temperature range.
These data indicate that not only does the catalyst show excellent performance with SO2
in the gas stream but light-off temperatures were up to 5O C lower.
The present invention provides a catalyst for promoting oxidation-reduction reactions of
exhaust gases containing nitrogen oxides, carbon monoxide and unburnt hydrocarbons.
The catalyst may exhibit increased resistance to sulphur poisoning, hi some embodiments,
the catalyst of the present invention is especially suitable for use as a three way catalyst
for use in automotive applications. The catalyst is suitably a highly heat resistant catalyst
containing complex oxides and PGM, which exhibits resistance to a decrease in specific
surface at elevated operating temperatures. Most suitably, embodiments of the present
invention provide a highly heat resistant catalyst containing complex oxides and PGM
which is resistant to inhibition by SO2 in the exhaust gas stream.
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Claims:
1. A catalyst comprising one or more complex oxides having a nominal composition
as set out in formula (1):
AxB1-y-zMyPzOn (1)
wherein
A is selected from one or more group III elements including the lanthanide elements
or one or more divalent or monovalent cations;
B is selected from one or more elements with atomic number 22 to 24, 40 to 42 and
72 to 75;
M is selected from one or more elements with atomic number 25 to 30;
P is selected from one or more elements with atomic number 44 to 50 and 76 to 83;
x is defined as a number where 0<x ;
y is defined as a number where 0 ^<0.5; and
z is defined as a number where 0<z<0.2.
2. A catalyst as claimed in claim 1 wherein the one or more complex oxides have a
general composition as set out in formula (2):
AxA'wB1-y-zMyPzOn (2)
wherein
A is one or more group III elements including the lanthanide elements;
A' is one or more divalent or monovalent cations;
w is defined as a number where 0 ≤ v ;
0.5< x+w and
B, M, P, x, y and z are as set out in formula (1).
3. A catalyst as claimed in claim 2 wherein A is selected from La, Ce, Sm and Nd, A' is
selected from Sr, Ba, and Ca, B is selected from Ti, V, W and Mo, M is selected
from Cu and Ni5 and P is selected from Pt, Pd Rh and Ru.
4. A catalyst as claimed in claim 3 wherein A is La and/or Ce, A' is Sr, B is Ti, M is
Cu and/or Ni, P is selected from Pt and Rh or at least two of Pt, Pd, Rh and Ru, and
the complex oxide has the general formula as set out in formula (3):
(La,Ce)
x
SrwTi1-y zMyPzOn (3)
wherein P is selected from Pt, Rh or at least two of Pt, Pd, Rh and Ru.
5. A catalyst as claimed in claim 1 wherein at least one of the complex oxide phases is
a perovskite with a general formula (4) :
A
x
A'w Bl -y-z My Pz θ 3 (4).
6. A catalyst as claimed in claim 5 wherein at least one of the complex oxide phases is
a perovskite with a general formula (5):
(La5Ce)x SrWTi1 My(Pt Rh , PdZRh) O3 (5 )
7. A catalyst as claimed in claim 5 wherein the perovskite component of the formula
exhibits substantially homogenous and phase-pure composition.
8. A catalyst as claimed in claim 1 wherein the complex oxide material has an initial
surface area greater than approximately 15m2/g.
9. A catalyst as claimed in claim 8 wherein the complex oxide material has a surface
area after aging for 2 hours at 1000°C in air greater than approximately 5mVg.
10. A catalyst as claimed in claim 1 wherein the complex oxide material exhibits an
average grain size of approximately 2 nm to approximately 150 nm.
11. A catalyst as claimed in claim 1 wherein the complex oxide material has pores
ranging in size from approximately 7 nm to approximately 250 nm.
12. A catalyst as claimed in claim 1 wherein the complex oxide material exhibits a
substantially disperse pore size range.
13. A three way catalyst incorporating a catalyst as claimed in claim 1.
14. A method for treating an exhaust gas by causing the exhaust gas to come into
contact with a catalyst as claimed in claim 1.
15. An automotive catalytic converter including a catalyst as claimed in claim 1.
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